Phosphorylation of microtubule-associated protein 2 (MAP2) and its relevance for the regulation of the neuronal cytoskeleton function.
Neurons, the basic information processing units of the nervous system, are characterized by a complex polar morphology which is essential for their function. To attain their precise morphology, neurons extend cytoplasmatic processes (axons and dendrites) and establish synaptic connections in a highly regulated way. Additionally, neurons are also subjected to small plastic changes at the adult stage which serve to regulate synaptic transmission. Every step of neuronal development is genetically controlled by endogenous determinants, as well as by environmental signals including intercellular contacts, extracellular matrix and diffusible signals. Cytoskeletal components are among the main protein targets modified in response to most of those extracellular signals which ultimately determine neuronal morphology. One of the major mechanisms controlling the neuronal cytoskeleton is the modification of the phosphorylation state of cytoskeletal proteins via changes in the relative activities of protein kinases and phosphatases within neurons. In particular, the microtubule-associated protein 2 (MAP2) family of proteins is an abundant group of cytoskeletal components which are predominantly expressed in neurons and serve as substrates for most of protein kinases and phosphatases present in neurons. MAP2 phosphorylation seems to control its association with the cytoskeleton and it is developmentally regulated. Moreover, MAP2 may perform many functions including the nucleation and stabilization of microtubules (and maybe microfilaments), the regulation of organelle transport within axons and dendrites, as well as the anchorage of regulatory proteins such as protein kinases which may be important for signal transduction. These putative functions of MAP2 have also been proposed to play important roles in the outgrowth of neuronal processes, synaptic plasticity and neuronal cell death. Thus, MAP2 constitutes an interesting case to understand the regulation of neuronal function by the alteration of the phosphorylation state of cytoskeletal proteins in response to different extracellular signals. Here we will review the current knowledge about the regulation of MAP2 function through phosphorylation/dephosphorylation and its relevance in the broader context of neuronal functions.